Aims: To define the prevalence of hypertension, a major cause of morbidity and mortality in blacks, and related biosocial factors in an urban African population group. Methods: The setting was that of a civil service population in Ibadan, a major city in Southwestern Nigeria. Nine hundred and ninety-eight civil servants selected by multistage sampling participated in the survey. Biosocial data including smoking history, alcohol use and level of physical activity; anthropometry, blood pressure and plasma glucose measurements were obtained. Diagnosis of hypertension was based on blood pressure of у160/95 mm Hg or known hypertensive on treatment. Results: The overall prevalence rate of hypertension was 10.3% (CI, 8.4%, 12.2%), rates of 13.9% and 5.3% were obtained in men and women respectively in spite of a much higher rate of generalised obesity in the latter. Hypertension was associated with higher salary grade level, but there was no relationship found with regular exercise, smoking and alcohol. Obesity (body mass index (BMI) у30 kg/m 2 ) was associated with hypertension only in women. A two-sided t-test demonstrated
Introduction
Hypertension is a major public health problem in black populations worldwide. [1] [2] [3] As infection and malnutrition are being overcome in many developing countries, cardiovascular disease is emerging as an important cause of morbidity and mortality. [4] [5] [6] [7] Epidemiological studies in African populations would continue to assist in the assessment of the magnitude of hypertension in the various populations. They also have the potential of providing better understanding of the aetiology and pathogenesis of hypertension in view of the heterogeneous pattern in the distribution of some of the population groups. 6 There is evidence in favour of lifestyle changes as playing a crucial role in the development of hypertension. 3, [8] [9] [10] Of note is the very high prevalence rate of hypertension in the United States blacks who share common genetic ancestry with these populations. 3 In many African populations there has been a rapid increase in urbanisation in the last three or four decades, largely because of socio-economic and political changes, with consequent change in disease pattern. 7, 10, 11 Prevalence of hypertension in Nigeria, the largest Black nation, ranged from rates of 8-10% in the rural setting to 10-12% for urban population. 7, 12 An analysis of the 1991 national census 13 showed that 36% of Nigerians lived in urban communities compared to 10 .7% in 1953 and 19.3% in 1963.
Obesity, especially regional fat distribution, is a known risk factor for hypertension. [14] [15] [16] There are published reports on the effects of generalised obesity defined by body mass index (BMI), some other anthropometric or biological variables and social factors on risk of high blood pressure among Nigerians 9, 15, [17] [18] [19] [20] [21] [22] and other African black populations. 5, 7, 10, 23, 24 However, a relationship between central adiposity and hypertension in African blacks is poorly understood because available data on body fat distribution are very scanty and conflicting. Recent epidemiological evidence shows that the relationship between plasma glucose concentration and cardiovascular disease extends well below the glucose level defined by diabetes and even impaired glucose tolerance. 25 Exploration of this factor in this population with a high risk of cardiovascular disease may be pertinent. The role of social factors in pathogenesis of hypertension in blacks also deserves further studies for comparison and clarification.
The civil service has constituted a valuable population base for the purpose of systematic conduction of epidemiological studies in Africa [21] [22] [23] 26 especially since the landmark Whitehall survey 27 in the United Kingdom (UK). The Nigerian civil service constitutes a major section of the nation's working force.
The civil servants in Ibadan (urban Nigeria) consist of men and women in the lower, the middle and the upper socio-economic classes. A screening survey of non-communicable disease was carried out in the population. An attempt was made to define prevalence of hypertension, a major cause of cardiovascular morbidity and mortality 1, 4, 6, 7 in the general population, and related biosocial risk factors including central adiposity assessed by waist-to-hip ratio (WHR) and also waist circumference which is increasingly being favoured as a better anthropometric index. 28, 29 We also examined the effect of plasma glucose on blood pressure in the urban African population.
Materials and methods

Study population
Ibadan with nearly 3.5 million inhabitants, the largest indigenous city in tropical Africa, is located in Southwestern Nigeria. It is predominantly made up of the Yorubas, one of the West African black population groups. Nigeria has a relatively young population, the mean age of adults is 31.6 ± 14.1 years. 13 The Oyo State Government Secretariat is situated in Ibadan, the capital city. The civil servants come from various parts of the state and appointments are without any form of social discrimination. They consist of men and women in the lower, the middle and the upper socio-economic groups, and are somewhat representative of general population.
Out of 1005 subjects in the final selection of a multistage random sampling, 581 men and 417 women were found to be eligible for the study giving a total number of 998 civil servants who participated in the survey. There are 18 units (ministries/ departments) within the Secretariat complex. The first stage (in the multistage sampling) consisted of a random selection of five units. The total number of civil servants in the five units was 1733. The second stage was recruitment of two-thirds, that is 1155 (randomly selected) civil servants in the selected clusters, of these there were 1005 respondents. A total of 998 subjects participated in the study because seven subjects who were found not to be strictly civil servants within the selected clusters were excluded.
Data collection
Using standardised questions details such as name, age, sex and marital status were recorded. The socioeconomic status of each subject was determined by job grade and income level and categorised as follows: Grade level 1-8 = lower, 9-12 = middle and 13-17 = upper. Information on level of physical activity, and pertinent data on medical, family and social history (such as smoking and alcohol use) were obtained. Exercise was based on a significant physical activity at least once a week; positive family history of hypertension was defined as hypertension in a first or second degree relative.
Blood pressure was taken once on the left arm using a standard mercury thermometer. Systolic blood pressure was determined by the first tapping sound (Korotkoff phase 1). The diastolic pressure was recorded at disappearance (phase 5) of Korotkoff sounds.
Weight and height measurements were recorded, and BMI was determined using weight/(height) 2 in kg/m 2 . Waist circumference was measured to the nearest 0.5 cm at the level of the umbilicus and also hip circumference at the level of greater trochanter recorded to the nearest 0.5 cm.
Oral glucose tolerance testing was also carried out with 2-h plasma glucose concentration measured, the details of which have been discussed elsewhere. 30 
Diagnostic criteria
Diagnosis of hypertension was based on the World Health Organisation (WHO) 31 cut-off point of 160 mm Hg and above for systolic and/or 95 mm Hg and above for diastolic blood pressure, and also if it was previously detected and the subject was on treatment.
Obesity was defined according to international criteria, 32 
Results
Descriptive findings
Of the total 998 subjects, 581 (58%) were males and 417 (42%) were females. The age range of the study population was 19-70 years; the mean age was 40.02 ± 8.33 years. The mean age of the men was 42.47 ± 8.47 and 36.63 ± 6.86 years for women (statistically significant, t-test, t = 12, P Ͻ 0.001). The distribution was generally in conformity with a demographic pattern expected in a civil service setting.
The majority of the 838 (84.1%) civil servants belonged to the lower income level while 101 (10.1%) and 57 (5.7%) were in the middle and upper levels respectively. Five hundred and thirty-six (53.7%) were physically active. History of smoking was positive in 66 (6.6%) while 193 (19.3%) did use alcohol and 62 (6.2%) were on some form of regular medication. There was positive family history of hypertension in 92 (9.2%) of the subjects and 30 (3.0%) of that of diabetes while 42 (4.2%) and 43 (4.3%) respectively were not sure.
The demographic characteristics of hypertensive subjects compared with normotensives are listed in Table 1 .
Hypertension (blood pressure of у160/95 mm Hg or known hypertension on treatment): 103 (10.3%) of the civil servants were found to have hypertension, and 25 (24.3%) of these were previously diagnosed.
Of the 103 subjects with diagnosis of hypertension 81 were males (prevalence 13.9%) while 22 were females (prevalence 5.3%) which indicated that males were more likely to be hypertensive than females (Pearson chi-square = 19.70, P Ͻ 0.001). Males have higher percentages of hypertension virtually at every age (analysis not shown). Subjects at higher salary grade level or socio-economic status were more likely to be hypertensive (Pearson chisquare = 7.49, P = 0.024), and single people seemed to be less likely to be hypertensive than married people (Pearson chi-square = 9.62, P = 0.022); these might be age related. There was no relationship found between regular exercise, smoking, alcohol or family history of hypertension in the population. Hypertensive subjects were more likely to be on regular medication than those who were normotensive, a reflection of antihypertensives as the most common form of regular medications in the study population. Prevalence measure: Measure of prevalence of hypertension in this study as given with 95% confidence intervals (CI) is as follows: Prevalence = 103/998 = 10.3%, CI = (8.4%, 12.2%). The mean systolic blood pressure for normotensive subjects was 117 ± 14 mm Hg and 166 ± 19 mm Hg for hypertensives, and mean diastolic blood pressures were 74 ± 8 mm Hg and 102 ± 15 mm Hg respectively in both groups. Other mean values for normotensive and hypertensive subjects are presented in Table 2 . Comparison for continuous variables in two groups, normotensives and hypertensives, were done using a two-sample t-test with unequal variances, the P values of a two-sided test are shown in Table 2 .
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Obesity and hypertension: Twelve (11.7%) of the hypertensives were obese while 76 (8.5%) of normotensives were obese but the differences were not statistically (Pearson chi-square = 1.15, P = 0.28). Among male hypertensives only three (3.7%) subjects had BMI у30 kg/m 2 and 13 (2.6%) of normotensive males were obese (not statistically significant), while nine (40.9%) of female hypertensives were obese which was statistically significant compared with 63 (15.9%) of normotensive women (Pearson chi-square = 9.09, P = 0.003). Central adiposity and hypertension: Relation between truncal obesity and hypertension or elevated blood pressure was determined using normalised WHR and the findings are shown in Tables 2 to 5 . Using the criteria of the US Department of Agriculture 33 out of the 81 hypertensive men 11 (13.6%) had elevated WHR compared with 33 men found to have increased WHR in the normotensive male group (Pearson chi-square = 4.85, P = 0.028), and 19 (86.3%) of hypertensive women in comparison with 259 (65.6%) of normotensive women (Pearson chisquare = 4.05, P = 0.044). Central obesity based on the US criteria was associated with hypertension in the male or female group. However when both sexes were combined the observed relationship between WHR and blood pressure or hypertension was lost. Thirty (29.1%) of the hypertensives were found to have central adiposity compared with 292 (32.6%) of normotensives who had elevated WHR (not statistically significant; Pearson chi-square = 0.52, P = 0.472). Thus the use of the criteria resulted in a gross overestimation of central adiposity in female group which accounted for the apparent slightly higher (though insignificant) rate of truncal obesity in normotensives compared with normotensives in total population.
Multivariate ANOVA models of blood pressures in the population
Systolic blood pressure: ANOVA model of systolic blood pressure (SBP) as a function of BMI, sex, plasma glucose, and age, (excluding pregnant women) is shown in Table 3 ; age, male sex and BMI were highly significant factors (P Ͻ 0.0001) and plasma glucose was also significant (P Ͻ 0.016).
The next ANOVA model looked at SBP as a function of BMI, plasma glucose, and age, but only for men; age was highly significant (P Ͻ 0.0001) BMI was significant (P Ͻ 0.015) and plasma glucose was highly significant (P Ͻ 0.002).
The same model, but only for (non-pregnant) women, age was also highly significant in women (P Ͻ 0.0001) and BMI was highly significant (P Ͻ 0.0001) but there was no association with plasma glucose level.
Diastolic blood pressure:
Multivariate ANOVA models of diastolic blood pressure as a function of age, sex, BMI, and plasma glucose (excluding any pregnant women) are shown in Table 4 .
Logistic regression analysis
The logistic models of the variables that predict hypertension in the population are shown in Table  5 .
Logistic regression (with both sexes combined, excluding pregnant subjects):
The determinants of hypertension are whr norm (normalised WHR), plasma glucose, age, sex and family history of diabetes.
Logistic model for men:
The same variables were predictive of hypertension in men, ie, whrFnorm, plasma glucose, age, sex and family history of diabetes.
Logistic model for women:
Only age was significant for women, except perhaps diabetes, which was borderline significant.
Comparison of observed prevalence of hypertension with rates from recent major studies in urban Africa is shown in Table 6 .
Discussion
The magnitude of hypertension (prevalence 10.3%, CI = 8.4%, 12.2%) observed in the present study is
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in consonance with recent reports in Nigerians 12, 20, 34, 35 and other data 8, 23, 36, 37 obtained among African black subjects in urban settings. It would also suggest a trend in the increase of prevalence of hypertension in an urban Nigerian population. This study shows that hypertension is an enormous burden in urban Africa. The problem is expected to grow with increased urbanisation and adoption of a Western lifestyle. Rates of hypertension approaching that of the US black population have been reported among urban Midwestern Nigerians and Zulus in South Africa. 10, 26 Prevalence of hypertension among the West African blacks in the present study was found to be lower than that of their American or Caribbean counterpart, this is consistent with a previous report by the International Collaborative Study of Hypertension in Blacks (ICSHIB); 2 prevalence rate of hypertension in the US black population is among the highest in the world. 3 Most of the hypertensives in this study were previously undiagnosed as it was observed in previous surveys carried out among Nigerians 12, 21 and other Africans 36 in the Whitehall survey 27 that involved civil servants in London and in American populations. 3 However, level of awareness, treatment and control of high blood pressure are lower in African populations.
The observation of hypertension prevalence rates of 13.9% in men and 5.2% in women was a reversal of the distribution pattern of obesity in the population rates of 2.8% and 17.3% respectively in men and women. Although the mean age of the male population was higher than that of the females, men had higher percentage of hypertension than women at virtually every age group. Gender also emerged as a determinant of high blood pressure in multivariate analyses. The sex distribution is unlike that observed in a survey conducted much earlier by Johnson 38 in Lagos Metropolis in which prevalence rates of 7.9% and 9.9% were obtained for males and females respectively, and in a few recent studies from the Gambia, 24 Senegal 39 and South Africa. 10 However, Akinkugbe and Ojo 40 had previously documented higher mean arterial pressures in urban males in Ibadan in comparison with their female counterpart. Most recent studies [20] [21] [22] [23] 34, 37 in the SubSaharan region are also in support of male preponderance. Hypertension was also noted to be more common in males than in females in American populations, and rate of hypertension was lower in black women than in men in spite of a much higher rate of obesity. 14, 16 The extremely high rate of hypertension in Midwestern Nigeria 26 and most of the other reports of highest prevalence rates in Africa (Table 6) were predominantly in male populations. These observations would suggest that male sex is a risk factor for hypertension in most black populations.
Prevalence of hypertension rose with age as it was observed in black Africans 8, 12, [20] [21] [22] [23] [24] [25] [26] [37] [38] [39] [40] and in both black and white populations of the United States of America (USA), 41 and in the European white subjects of the Whitehall survey. 27 Role of genetics assessed by family history of hypertension could not be demonstrated in this study. Johnson 38 reported evidence for a familial factor in hypertension in his Lagos subjects; and the same trend was observed in a recent national survey 12 but it did not attain statistical significance.
Hypertension was associated with higher socioeconomic status among the civil servants; age and male sex may partly account for this. A similar relationship was observed in male civil servants studied by Bunker et al 26 in Midwestern Nigeria. In the Nigerian survey on non-communicable diseases (NCD) 12 there was higher prevalence of hypertension at both extremes of the socio-economic spectrum. In the United States hypertension is more prevalent in the lower socio-economic group; weight, dietary factors and social stress are the suspected risk factors. In an early South African study, Scotch et al 42 observed no significant differences between social classes in the prevalence of hypertension among urban Zulus but there was a significant relationship between socio-economic status and levels of blood pressure. The finding from the present study was consistent with other reports from Nigeria 21 and South Africa. 10 The possible role of John Henryism 43 in the development of clinical hypertension has been a subject of debate. The present study did not directly seek to investigate the relationship partly because of the complex interaction of educational level (a measure of coping resources), salary scale and job grade and years of service among the government workers; and there were fewer subjects in middle and upper social classes compared with the lower class, but this distribution was also a reflection of the structure of the general population.
There is a high level of physical activity in the African population. This may explain the apparent absence of effect of exercise on risk of hypertension in this study. Current knowledge suggests that multiple factors are involved in the pathogenesis of hypertension. 3, 16, 44 Neither cigarette smoking nor alcohol use was associated with hypertension in the population. Prevalence of smoking is much lower than in Western countries; smoking is virtually non-existent in the female population. The rate of alcohol use, especially among Moslems is very low, therefore the measure probably does not discriminate very well. Ekpo and coworkers 21 reported an association between tobacco use and systolic pressure and prevalence of hypertension was higher in moderate to severe drinkers. A recent study 34 suggested some association between regular and moderate consumption and hypertension. Alcohol was also a suspected risk factor in male civil servants in Benin City. 26 In the NCD 12 relationship between either smoking or alcohol and hypertension was found to be inconsistent especially across age groups. Other studies 8, 20, 45 did not demonstrate any relationship between these social factors and high blood pressure.
Generalised obesity to a certain extent appeared to be a risk factor for high blood pressure in this population. Multivariate ANOVA models of systolic and diastolic blood pressures demonstrated a strong correlation with BMI. This is consistent with a number of previous reports in Nigerians, 12, 21, 22, 26, 37 other Africans 8, 10, 23 and US blacks. 2, 3, 14, 16 However, in the current study association between generalised obesity and hypertension could be demonstrated only among women, and the relationship in this group diminished and was lost as other factors were taken into consideration. This phenomenon was probably due to the relative leanness of the population. In a lean population there is a weight threshold above which there is a correlation between BMI and high blood pressures. 46 This may be a confounding factor when BMI is used to define risk level of cardiovascular disease in such populations. Furthermore in a study of genetically similar (black) populations weight to height relationship implied by the use of constant BMI standards could not be demonstrated and there was much variation across groups. 47 A wide variation has also been observed for individuals in between body fat determined densitometrically and body fat as estimated by BMI. 48 Of note in the present study was the finding of a larger waist-to-hip ratio in hypertensive subjects compared with normotensives. There was no relationship between truncal obesity (with both sexes combined) and hypertension when the subjects were categorised using waist-to-hip ratios recommended by the US Department of Agriculture. 33 Although truncal obesity was associated with hypertension in either gender the cut-off point in the female group was inappropriate in the African women resulting in a large percentage being wrongly classified as having central adiposity. These would suggest that in the absence of systematic longitudinal data and standardised cut-off points in most African black populations, in certain situations it may be more prudent to use normative values derived from the particular population in defining risk of cardiovascular disease rather than generally recommended arbitrary values (cut-off points largely derived from Caucasian populations).
In the logistic regression model WHR emerged as the main anthropometric determinant of hypertension in this population. The higher risk of hypertension in the men who were significantly leaner than the women with high prevalence of generalised obesity was in support of an association of high blood pressure with central adiposity rather than increased generalised obesity. Very few studies have examined the role of central adiposity in hypertension in African black populations and the results have been inconsistent; body fat distribution was not assessed in studies with large sample sizes (listed in Table 6 ). In a study 18 involving 282 Nigerians and 275 African Americans there was no correlation between WHR and blood pressure in either group, these were young college men and women. The workers had previously reported the same findings in a similar setting though with a smaller sample size. 17 Bunker et al 26 reported that WHR was not related to blood pressure independent of BMI in a male population with extremely high rate of hypertension and probably more important in the lower risk female subjects. Higher WHR among hypertensive subjects in comparison with normotensives was observed by the ICSHIB. 20 Ezenwaka et al 49 in a study of healthy elderly Nigerians observed that WHR was a strong determinant of blood pressure. Lack of association between elevated blood pressure and central adiposity previously reported from Nigerian population might be due to sample sizes and/or sampling methods.
In a small systematic sample of elderly Nigerians, Ukoli et al 19 found waist measurement as the most important predictor of blood pressure for male subjects and BMI for women. In the current study, hypertension was associated with increased waist circumference. Waist circumference was found to be a determinant of glucose intolerance in this civil service population. 30 There is a growing trend to use waist measurement in clinical evaluation of central adiposity instead of WHR because of similar or better correlation with cardiovascular disease. 28, 29 However with waist measurement the lack of correction for individual body size is still a concern. WHR was a stronger correlate of high blood pressure than waist circumference in this population whereas the converse was true for glucose intolerance.
Higher plasma glucose concentration seemed to be a determinant of hypertension in this population.
The finding is significant because of a recent description of blood glucose level as a continuous risk factor for cardiovascular disease. 25, [50] [51] [52] It is not known if this is a direct effect of elevated plasma glucose or to an underlying abnormality that raises both glucose and cardiovascular risk. In a prospective multicentre study of non-diabetic men in Europe, including subjects from the Whitehall survey, higher blood glucose distributions were associated with risk of both cardiovascular death and allcause mortality. 50 Although extrapolation of the findings in the present study to the general population may have certain limitations, the population being an occupational group, the civil service to a reasonable extent reflects the major characteristics of the adults in the community. One strength of the study is that women are well represented in the sample unlike many of the previous studies. For the first time in the Sub-Saharan region a major survey has examined the relationship between hypertension and central adiposity measured by waist circumference and WHR. A relationship between plasma glucose and high blood pressure has also been described.
In conclusion, prevalence of hypertension in this study was comparable to recently reported rates in urban Nigeria and similar populations in Africa. The biosocial determinants of hypertension in the urban black population were age, male gender, higher socio-economic status, BMI, plasma glucose, generalised and central adiposity. Regional fat distribution was a stronger predictor of hypertension than generalised obesity in the population, this does not support a previous impression of lack of association between high blood pressure and central adiposity in African blacks. More studies are needed to clearly define the major causal factors for the rising prevalence of hypertension among urban Africans.
